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[57] ABSTRACT

In an 1mage pick-up tube including a diode-type elec-
tron gun having a cathode electrode which emits a
scanning electron beam and a control electrode which
regulates the current of the electron beam at the cath-
ode electrode and through which there is a control
electrode current flow during operation of the tube, and
a target electrode from which a video output current
signal 1s obtained in correspondence to incident light
from an object image projected on the target electrode
as the latter is scanned by the electron beam: a beam
control voltage signal is generated in response to the
video output current signal, the beam control voltage
signal is supplied to the control electrode of the electron
gun for regulating the current of the electron beam at
the cathode electrode, the control electrode current is
detected during operation of the tube, and the genera-
tion of the beam control voltage signal is controlled in
response to a signal corresponding to the detected con-
trol electrode current and which preferably determines

the gain of an amplifier in the path of the beam control
voltage signal.

8 (laims, 4 Drawing Figures
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APPARATUS FOR CONTROLLING ELECTRON
BEAM OF IMAGE PICKUP TUBE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to the controlling of
an electron beam in an image pick-up tube and, more
particularly, is directed to the controlling of the elec-
tron beam in an image pick-up tube of the kind having
a diode-type electron gun.

2. Description of the Prior Art

Generally, in photoconduction-type i1mage pick-up
tubes, such as Vidicons, a cathode electrode emits a
beam of electrons of substantially constant current
which is directed towards a target elecirode having a
photo-conversion layer deposited thereon. The electron
beam from the cathode electrode i1s regulated by a first
beam control or beam-forming electrode which con-
verges or sharpens the electron beam, and by a second
accelerating electrode which further sharpens or fo-
cuses the electron beam and accelerates the latter
toward the target electrode. The electron beam from
the cathode electrode is made to scan the target elec-
trode and, in accordance with the amount of incident
light from an object image projected on successively
scanned elements of the target electrode, a video output
signal is obtained from the latter. More particularly, as

_ the electrons of the accelerated beam impinge upon

successively scanned elements of the target electrode,
more or less of the impinging electrons are absorbed by
the target electrode to neutralize positive charges that
reside thereon due to incident light from the object
image projected on the target electrode. The varying
amounts of electron-absorption provide an output cur-
rent of corresponding intensities. However, when the
amount of light incident on the target electrode of the
image pick-up tube increases above a certain value, the
constant current electron beam may not have sufficient
charge to neutralize all of the positive charges stored at

the various elements of the target electrode with a sin--

gle scanning of the latter by the electron beam, that is,
an electron beam shortage may occur. As a result of the
failure of the electron beam to neutralize all of the
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level of incident light projected on the target electrode
of the pick-up tube.

In one known arrangement for controlling the cur-
rent level of the electron beam, a veltage corresponding
to the video output signal is applied to the first or beam
control electrode of the image pick-up tube to increase
the current level of the electron beam for higher levels

of incident light projected on the target electrode.

Thus, the current of the electron beam is increased only
for higher levels of incident light so as to avoid substan-
tial deterioration of resolution at normal or lower levels
of incident light. However, it has been found that, with
the foregoing arrangement, when the voltage applied to
the beam control electrode is of a low value, the video
output signal does not accurately reflect or is indistin-
guishable for varying levels of incident light projected

~ on the target electrode. Further, it has been found that
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charges on the target electrode, the video output signal 45

will not precisely follow increases in the amount of

incident light on the target electrode. Thus, as the
amount of incident light increases, the video output
signal derived from the target electrode decreasingly
corresponds to the actual image viewed by the pick-up
tube. Further, in the case of object images having a very
high white level, the failure to neutralize all of the
charge on the target electrode will cause a white after-
image to be depicted by the video output signal even
when the pick-up tube or television camera subse-
quently views another object image of relatively low
white level. - | . |
If, in order to compensate for the foregoing problem,
the current of the electron beam at the cathode elec-
trode is pre-set to a relatively large value so as to avoid
insufficient beam current for high levels of incident
light, the focusing of the electron beam deteriorates so
that the resulting video output signal has poor resolu-
tion in respect to the viewed object. The foregoing
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results from the fact that focusing of the electron beam 65

is reduced with increasing current levels of the beam.
‘Therefore, it is desirable to control the current level of
the electron beam in accordance with variations in the

the stability of the described arrangement is relatively
poor, that is, the range within which the current level of
the electron beam can be controiled in a stable manner
is very narrow, and unwanted oscillation results.

In order to avoid the foregoing problems, it has been
proposed in U.S. Pat. No. 4,322,662, dated Mar. 30,
1982, and having a common Assignee herewith, to pro-
vide an image pick-up tube having a diode-type electron

gun with a beam current control circuit in which a

resistor or relatively high resistance value is connected
in series with the beam control electrode to provide an
auto feed-back. In such arrangement, the control elec-
trode current flows through the resistor of relatively
high resistance, and the voltage drop across such resis-
tor 1s used for obtaining a desired variation of control
voltage. However, since the control signal source 1s of
high impedance, as viewed from the control electrode
of the image pick-up tube, such control signal source is
liable to be adversely influenced by external noises.
Further, many of the constituent devices that need to be
associated with the image pick-up tube, such as, amplifi-
ers and the like, have to be selected in consideration of
the voltage drop across the resistor of high resistance
value, with the result that a power source of relatively
high voltage has to be provided.

OBJECTS AND SUMMARY OF THE
INVENTION

An object of this invention is to provide an image
pick-up tube with an associated beam control circuit
which avoids the previously mentioned problems.

More specifically, an object of this invention is to
provide a beam control circuit, as aforesaid, which 1s
particularly suitable for use with an image pick-up tube
having a diode-type electron gun.

Another object is to provide a beam control circuit
for use with an image pick-up tube having a diode-type
electron gun and which assures a wide range of stable
operation. |

A further object is to provide a beam current control
circuit, as aforesaid, having a characteristic control
curve which can be changed in accordance with the
control electrode current so as to obtain a relatively
wider range of stable operation.

In accordance with an aspect of this invention, an
image pick-up tube including a diode-type electron gun
having a cathode electrode for emitting a scanning
electron beam and a control electrode for regulating the
current of such beam at the cathode electrode and
through which there is a control electrode current flow
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during operation of the tube, and a target .electrode
from which a video output signal is obtained 1n corre-
spondence to incident light from an object image pro-
jected on the target electrode as the latter is scanned by
the electron beam; is combined with a circuit for con-
trolling the electron beam which comprises means for
generating a beam control signal in response to the
video output signal, means for applying the beam con-
trol signal to the control electrode for correspondingly
regulating the current of the beam at the cathode elec-
trode, means for detecting the control electrode current
flow during operation of the tube, and means for feed-
ing back, to the means for generating the beam control
~ signal, a signal which corresponds to the detected cur-
 rent electrode current flow. f
- In preferred embodiments of this mventmn the
means for generating the beam control signal includes
an amplifier, such as, a differential amplifier, having a
~variable gain which is controlled in accordance with
the signal corresponding to the detected control elec-
~ trode current flow. Thus, an image pick-up tube having
its beam controlled in accordance with this invention,
can be provided with a suitable non-linear control curve
for broadening the range of its stable operation.

‘The above, and other objects, features and advan-
tages of the invention, will be apparent in the following
detailed description of illustrative embodiments thereof
which is to be read in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

- FIG. 1is a circuit diagram showing an image pick-up

tube in combination with a beam control circuit accord-
 ing to an embodiment of this invention; |
- FIG. 2 is a graph to which reference will be made in
comparing the operation of the embodiment of this
invention shown in FIG. 1 with the operatlon of a con-
trol circuit according to the prior art;

FIG. 3 is a circuit diagram corresponding to a portion
of the control circuit shown on FIG. 1, but illustrating
another embodiment of this invention; and

FIG. 4 is a graph to which reference will be made in
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-explaining the operation of the control circuit of FIG. 3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to the drawings in detail, and initially to
- FIG. 1 thereof, it will be seen that, in a known image
. pick-up tube 1 of the type to which this invention s
. advantageously applied, such image pick-up tube 1 has
~ a diode-type electron gun and includes a target elec-
- trode 2 which may be comprised of, for example, a

o photoconversion layer deposited on a positively

charged signal plate (not shown). The photoconversion
layer may consist of a mosaic of elements which are
- non-conductive in the dark, but which become electri-
cally conductive in response to the impingement of light
thereon, with the extent of the electrical conductivity
- depending upon the intensity or amount of such imping-
ing light. Thus, as an object image is projected on target
“electrode 2, the elements making up the photoconver-
sion layer become more or less conductive in depen-
dence on the intensity of the light falling thereon and,
accordingly, experience changes in voltage. Since the
“signal plate is positively charged, a charge pattern de-
velops on the signal plate which electrically duplicates
- the light image projected onto the target electrode.
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Image pick-up tube 1 is further shown to include a
cathode electrode 3 emitting an electron beam which i1s
focused by a beam control electrode G and accelerated
by an accelerating electrode G2 toward the target elec-
trode 2 for scanning the latter. Scanning of the target
electrode 2 by the electron beam is accomplished by
external deflection coils (not shown) receiving suitable
deflection signals. As electrons of the beam impinge on
target electrode 2, some of the electrons are absorbed to
neutralize the positive charges that reside there due to
the projected object image, and excess electrodes are
discarded. The varying amounts of electron-absorption
cause target electrode 2 to produce an output current I
(video output signal) of corresponding intensity that
flows through a load resistor 4. The resulting voltage
drop across resistor 4 serves as the camera or image
pick-up tube output voltage signal. The electron gun

structure of image pick-up tube 1 is desirably of the

laminar flow type with control electrode G1 being sup-
plied with a positive bias voltage so that a control elec-
trode current I, flows through beam control electrode
G during normal operation of the tube.

- As previously discussed, when the level of the cur-
rent I, of the electron beam emitted from cathode elec-
trode 3 is low, there will be insufficient neutralization of
the positive charges on target electrode 2 for high levels
of incident light with the result that output current I
will not satisfactorily reflect increases in the level of
light intensity. In contrast, if the current level of the
electron beam is pre-set to a relatively large value to
avoid this problem, the electron beam will not be prop-
erly focused on target electrode 2. In seeking to avoid

the foregoing problems, it has been proposed to com-

bine a reference or standard bias current with output
current I;to form an output control voltage across resis-
tor 4 which is then supplied through a linear amplifier
(not°shown) to produce a control electrode voltage
EG| supplied to beam control electrode G for control-
ling the current level of the electron beam. In such
known arrangement, it will be apparent that the current
level of the electron beam emitted from cathode elec-
trode 3 is controlled by output current Is which, in turn,
varies with the level of incident light from the object
image.

 Referring now to FIG. 2, which shows characteris-
tics of the image pick-up tube 1 having a diode-type
electron gun, it will be seen that a curve 8 represents
variation the output current I; with changes in a control
voltage EG1 applied to control electrode ;1. A curve
10’, shown in broken lines, represents the relation of the
output control voltage (that is, the voltage across load
resistor 4) to the control electrode voltage EGj in the
case of the above described prior art arrangement in
which the control electrode voltage EGy varies linearly
with the output control voltage, that is, curve 10’ is a
straight line. As shown on FIG. 2, the slope of straight
line curve 10’ is relatively small so as to expand the
operating range of the circuit. However, because of the
divergence between curves 8 and 10', the circuit be-
comes unstable at higher levels of control electrode
voltage EG; when high levels of incident light are pro-

- jected on target electrode 2, with the result that undesir-

65

able oscillations may occur. This problem may be
avoided by increasing the slope or gradient of the con-
trol voltage curve, for example, from that of the curve

- 10’ to that of straight line curve 11 shown in dot-dash

lines. However, by increasing the slope of control volt-
age curve 11, there results a consequent reduction in the
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operating range of the circuit to that indicated at a on
FIG. 2, that 1s, the maximum electron beam current I, is
limited to that corresponding to the intersection of
curves 8 and 11 on FIG. 2. Therefore, it is the purpose
of this invention to increase the gradient of the controi
voltage curve, for example, as indicated at 10 on FIG. 2,
while. at the same time, increasing the stable operating
range of the circuit, for example, to the range indicated
at b on FIG. 2, and which is defined by the intersection
of control voltage curve 10 and signal current curve 8.

Referring again to FIG. 1, it will be seen that, in a
circuit according to an embodiment of this invention for
achieving the foregoing, the output signal voltage pro-
duced across load resistor 4 by the flow therethrough of
signal current I is amplified by a preamplifier 15. An
output signal from preamplifier 15 is applied to an out-
put terminal 16 where it is available as a video output
signal. The output signal from preamplifier 15 is also
applied to an input of a differential amplifier 15 which
includes first and second NPN transistors Q; and Q3
each having a base, emitter and collector. The base of
transistor Qy constitutes the input of differential ampli-
hier 14, and the output of the latter is defined by the
collector of transistor Q; from which an output signal of
the differential amplifier is supplied to the base of a PNP
transistor Q3. The collector output of transistor Qs is fed
back through a diode 17 and a resistor 18 in series to the
base of transistor Q; which defines the gain control
electrode of amplifier 14, whereby to set the initial gain
of such differential amplifier.

The collector output of transistor Q3 is also supplied
to the base of an NPN transistor Q4. The control volt-
age EGy 1s obtained from the emitter of transistor Qg
and 1s supplied through a line 19 to first control elec-
trode Gy. When the control electrode current I, flowing
through control electrode G during operation of the
image pick-up tube is small, the control voltage EG
almost follows the signal current I, that is, at relatively
low values of the control electrode current I, the
curves 8 and 10 are approximately parallel to each
other. |

A resistor 20 and a diode 21 are shown to be con-
nected in series between a positive terminal (+) of a
power source and the collector of transistor Q4. The
control electrode current Iy flows from such positive
terminal of the power source to cathode eclectrode 3
through resistor 20, diode 21, the collector-emitter path
of transistor Qg, line 19 and first control electrode Gj.
The first control electrode current I, increases with the
quantity of light L incident on target 2 and with the
control voltage EGj, as shown on FIG. 2. A resistor 22
1s connected between the emitter of transistor Q4 and
the negative terminal (—) of the power source and has
a very high resistance value, so that the control voltage
EG; in accordance with the signal current I;is provided
at the emitter of transistor Q4. Most of the collector
current of transistor Q4 flowing through resistor 20 is
constituted by the first control electrode current I,

Therefore, a voltage proportional to the first control
electrode current I; is produced at the collector of tran-
sistor Qa, and such voltage is supplied to the base of a
PNP transistor Qs. The collector output of transistor
Qs is fed back through a resistor 23 to the gain control
electrode of differential amplifier 14, that is, to the base
of transistor Q2. Accordingly, when the first control
electrode current I increases, as indicated by the curve
9 on FIG. 2, the current flowing through resistor 20
increases to reduce the collector voltage of transistor
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Q4. In response thereto, the collector current of transis-
tor Qs 1s increased, and the base input to transistor Q3
rises. Consequently, the collector current of transistor
Q1 of the differential amplifier 14 is decreased, and thus
the collector voltage of transistor Qg rises to decrease
the base current of transistor Q3. As a result, the collec-
tor voltage of transistor Q3 decreases for correspond-
ingly decreasing the control voltage of first control
electrode G supplied to the latter through transistor
Q4. Thus, in effect, there is a negative feedback to dif-
ferential amplifier 14 of the control electrode current I,.

On the other hand, the signal current I, and hence,
the base input to transistor Q1, increases with increases
in the quantity L of light incident on target 2. The con-
trol circuit of FIG. 1 functions to increase the control
voltage EG1 with increases in the base input to transis-
tor Q) of differential amplifier 14. By reason of the
feed-back action of transistor Qs, such control voltage
EGj changes in accordance with the curve 10 shown in
full lines on FIG. 2. The rate of change of the control
voltage EGj is shown to be gradually increased for the
targer quantities L of light incident on the target elec-
trode, with the result that the control range of the maxi-
mum beam current is broadened, as indicated at b on
FIG. 2. In other words, for beam control circuits ac-
cording to this invention, the signal current curve 8
intersects the control voltage curve 10 at a relatively
large quantity of light so that oscillation of the image
pick-up tube is prevented while broadening the control
range of the beam current.

The gain of transistor Q4 can be changed by adjust-
ment of a variable resistor 24 connected between the
emitter of transistor Qs and the positive terminal (4 ) of
the power source. Accordingly, the amount of feed-
back to differential amplifier 14 can be arbitrarily ad-
justed for optimizing the control voltage curve 10 of
FIG. 2. It will be appreciated that, in view of the fore-
going, the resistor 20 for detecting the first control
electrode current I; may be provided with a small resis-
tance value.

In the embodiment of FIG. 1, there is no need to
provide a series resistor of large resistance value in the
hine 19, for example, as provided in U.S. Pat. application
Ser. No. 111,189, to which reference has been earlier
made, or, if a resistor is provided in line 19, its resistance
value may be small. Accordingly, the impedance of
transmission line 19 for the control voltage EG1 is low
and, therefore, any external noise has little influence on
control voltage EGj. Further, since a resistor of large
resistance value is not included in the line 19 in the
embodiment of FIG. 1, transistor Q3 may have a narrow
dynamic range, with the result that the power source
for the beam control circuit may have a lower voltage
than that required in U.S. application Ser. No. 111,189,
in which the voltage drop across a resistor of large
resistance value and through which the first control
electrode current lgis made to flow, it utilized for deter-
mining the control voltage curve 10.

Referring now to FIG. 3, another embodiment of this
invention is there shown to be generally similar to that
of FIG. 1, and to have its corresponding components

1dentified by the same reference numerals. In the em-

bodiment of FIG. 3, transistor Qs turns ON to effect
feed-back to differential amplifier 14 only when the first
control electrode current I flowing through resistor 20
becomes larger than a predetermined value. In order to
achieve the foregoing, the emitter of transistor Qs is
connected through variable resistor 24, provided for
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effecting gain control adjustment to a movable contact

of a variable resistor 25 which is connected between the

positive terminal (+) of the power source and ground.
A threshold level for turning ON transistor Qs is deter-
mined by the setting or adjustment of variable resistor

25. The resulting control voltage curve 10 has a knee
point or bend therein, as indicated as N on FIG. 4.

In the embodiments of the invention shown on FIGS.
1 and 3, the difference between the signal current Isand
the detected control electrode current I, is provided by
differential amplifier 14 to effect the negative feed-back.
However, in a beam control circuit according to the
present invention, the signal current Iymay be amplified
by a simple emitter-grounded amplifier so as to provide
the control voltage EGy and, in that case, a current or
voltage may be negatively fed back to the emitter-
grounded amplifier.

It will be appreciated that, in beam control circuits
according to this invention, the control voltage EGj
supplied to the beam control electrode G is varied in
accordance with the video output signal at terminal 16
so that the current of the scanning beam increases with
the quantity of light incident on target electrode 2 of the
image pick-up tube. Generally, the current flowing
through beam control electrode Gi i1s detected and
negatively fed back to the circuit for forming the con-
trol voltage EGi. Accordingly, the rate of increase of
the control voltage EGj can be suppressed relative to
the rate of increase of the beam control electrode cur-
rent I. Since the scanning beam current does not limit-
lessly increase with the quantity of light incident on the
image pick-up tube, the beam can be controlled in a
stable manner. Moreover, the foregoing, that is, the
stable control of the electron beam, is achieved with the
control voltage EG being transmitted to beam control
electrode G with extremely low impedance, whereby
the beam control circuit is not significantly influenced
by external noise. Moreover, in the embodiments of this
invention, the dynamic range for the control voltage
may be relatively narrow so that the power source for
the beam control circuit can have a relatively low volt-
age. | |
Although illustrative embodiments of the invention
have been described in detail herein with reference to
the accompanying drawings, it is to be understood that
the invention is not limited to those precise embodi-
ments, and that various changes and modifications may
be effected therein by one skilled in the art without
departing from the scope or spirit of the invention as
defined in the appended claims.

What is claimed is:

1. In combination with an image pick-up tube includ-
ing a diode-type electron gun having a cathode elec-
trode for emitting a scanning electron beam and a con-
trol electrode for regulating the current of said beam at
said cathode electrode and through which there is a
control electrode current flow during operation of the
tube, and a target electrode from which a video output
signal is obtained in correspondence to incident light
from an object image projected on said target electrode
as the latter is scanned by said electron beam; a circuit
for controlling said electron beam comprising:

nonlinear means for generating a beam control signal

in response to said video output signal and having
a nonlinear transfer characteristic,
means for applying said beam control signal to said
control electrode for correspondingly regulating
said current of the beam at said cathode electrode,
means for detecting said control electrode current
flow during operation of the tube, and
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means for feeding back, to said means for generating
the beam control signal, a signal which corre-

sponds to the detected control electrode current
flov.
2. The combination according to claim 1; in which

said means for generating the beam control signal in-
cludes a differential amplifier having input, output and
gain control electrodes, means for applying said output
signal to said input electrode, and first and second tran-
sistors connected in series between said output elec-
trode of the differential amplifier and said control elec-
trode, said signal corresponding to the detected control
electrode current flow being applied to said gain con-
trol electrode of the differential amplifier.

3. The combination according to claim 2; in which
said means for applying said output signal to said input
electrode includes pre-amplifier means.

4. The combination according to claim 2; in which
said means for detecting said control electrode current
flow includes a current detecting resistor; and

in which said second transistor has an emitter con-

nected with said control electrode of the image
pick-up tube and a collector connected with a
power source through said current detecting resis-
tor.

5. The combination according to claim 4; in which
said means for detecting said control electrode current
flow further includes a current detecting transistor hav-
ing a base connected with said current detecting resistor
and a collector connected with said gain control elec-
trode of the differential amplifier. |

6. The combination according to claim 5; in which
said current detecting transistor has an emitter, and an
adjustable bias source is connected with said emitier of
the current detecting transistor for determining a knee
point of a characteristic curve of said beam control
signal.

7. In combination with an image pick-up tube includ-
ing a diode-type electron gun having a cathode elec-
trode for emitting a scanning electron beam and a con-
trol electrode for regulating the current of said beam at
said cathode electrode and through which there is a
control electrode current flow during operation of the
tube, and a target electrode from which a video output
signal is obtained in correspondence to incident light
from an object image projected on said target electrode
as the latter is scanned by said electron beam; a circuit
for controlling said electron beam comprising;:

means for generating a beam control signal in re-

sponse to said video output signal and including
amplifier means having a variable gain,
means for applying said beam control signal to said
control electrode for correspondingly regulating
said current of the beam at said cathode electrode,

means for detecting said control electrode current
flow during operation of the tube, and

means for feeding back, to said amplifier means, a

signal for controlling said gain which corresponds
to the detected control electrode current flow.

8. The combination according to claim 7; in which
said means for detecting includes resistor means, means
for causing passage through said resistor means of a
current corresponding to said control electrode current
flow, a transistor having an output applied to said ampli-
fier means for controlling said variable gain of the latter,
said transistor further having base and emitter elec-
trodes, and means connecting said base and emitter
electrodes with said resistor means through which
flows said current corresponding to said control elec-

trode current flow.
b * % > -
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